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Successful endovascular repair of an aneurysm of
the ductus diverticulum with a branched stent
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Hiroyoshi Minaminimura, MD,c Toru Kita, MD,a and Kanji Inoue, MD,d Kyoto, Japan
Aneurysm of the ductus diverticulum rarely has been reported in adults, and the reported aneurysms were treated with
conventional open surgery or were diagnosed at autopsy. We report a successful endovascular repair of an aneurysm of the
ductus diverticulum with the Inoue branched stent graft. In a 78-year-old woman, an abnormal shadow was noted at the
aortopulmonary window on a chest x-ray film. A computed tomography scan demonstrated a 3.8-cm saccular aneurysm,
which protruded inferiorly from the distal end of the aortic arch. The aneurysmwas considered an aneurysm of the ductus
diverticulum, and surgery was required.However, the patient was considered at high risk for respiratory dysfunction with
conventional open surgery. Endovascular repair with an Inoue single-branched stent graft was performedwith the patient
under local anesthesia, successfully and without complication or endoleak. To our knowledge, this is the first report of
endovascular treatment of an aneurysm of the ductus diverticulum. (J Vasc Surg 2004;40:1228-33.)Aneurysm of the ductus diverticulum is rare in adults,
and most reported cases were repaired with surgery.1-11
Transluminal endovascular stent-graft placement in pa-
tients with thoracic aortic aneurysm is emerging as an
attractive alternative to conventional open surgery.12,13
However, its application is limited to descending thoracic
aortic aneurysms distal to the aortic arch. Endovascular
repair of aneurysms of the thoracic aortic arch is challeng-
ing. One option is to perform a surgical bypass from either
the proximal ascending aorta or the femoral arteries14,15;
another is to use a stent graft with side branches to the
innominate, left carotid, and left subclavian arteries.16-19
Except for the Inoue branched stent graft, reports of endo-
vascular techniques of repair of complex aneurysms with
branched stent grafts have been limited to animal studies
and incidental case reports.16-18 In March 2003 we began
performing endovascular repair of aortic aneurysms in var-
ious locations with the Inoue stent graft, after approval of
our ethics committee. We performed a successful endovas-
cular repair of the aneurysm of the ductus diverticulum
with a single-branched Inoue stent graft. To our knowl-
edge, this is the first report of endovascular treatment of an
aneurysm of the ductus diverticulum.
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A chest roentgenogram in a 78-year-old woman indicated a
subtle abnormal prominence. Computed tomography (CT) scans
revealed a saccular aneurysm originating from the aortic arch in the
aortopulmonary window. The aneurysm diameter was 3.8 cm (Fig
1, A). A 3-dimensional (3-D) CT scan showed that the aneurysm
was located in a minor curvature of the distal aortic arch at the
bifurcation of the left subclavian artery. The aneurysm end was in
the direction of the top of the left pulmonary artery (Fig 1, B). On
the basis of findings on the 3-D CT scan, a diagnosis of aneurysm
of the ductus diverticulum was made. An aortogram demonstrated
a saccular aneurysm at the distal aortic arch, and a coronary
angiogram revealed no stenosis of the coronary arteries. The
patient had a history of tuberculosis and chronic obstructive lung
disease. Pulmonary function tests demonstrated severe pulmonary
dysfunction: forced vital capacity, 1.45 L; forced expiratory volume
in 1 second, 0.83 L; FVC-FEV1 ratio, 57.0%. Thoracotomy was
considered high risk, and the patient was referred to Kyoto Uni-
versity Hospital for endovascular stent grafting. After obtaining
informed consent from the patient and approval from our institu-
tional review board, we performed endovascular repair with a
single-branched Inoue stent graft.
The endovascular Inoue stent-grafting system and its implan-
tation techniques have been described in detail.19-21 The Inoue
stent graft was custom made for the patient, with a computer-
assisted stent-graft design system.22 A 3-D model was constructed
from helical CT images of the aneurysm. The stent graft was
designed and positioned endoluminally on the computer. The
diameter of the aorta in the proximal position of the stent graft was
32 mm, 26 mm in the distal position of the stent graft, and 9 mm
in the left subclavian artery. The diameter of the designed stent
graft was 34 mm in the proximal neck, 28 mm in the distal neck,
and 10 mm in the branch. The diameter of the aortic section of the
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Volume 40, Number 6 Saito et al 1229graft was oversized by 2mm, and by 1mm in the branched section,
to achieve effective sealing. The length of the graft at the center was
85 mm.
With the patient under local anesthesia, the right femoral
(a)
(b)
Fig 1. a,Enhanced 2-dimensional computed tomograp
aortic arch (arrows), or the “triple star sign.” Maximum
in adjacent aorta were not found. Diameter of descendi
computed tomography scan show the aneurysm projectin
aortic arch. Aneurysm had thrombus, and compressed th
Table 1. Confirmed cases of aneurysm of the ductus diver
Author (year) Language Numb
Mitchell et al (1983)1 English
Kitahara et al (1986)2 English
Tsujimoto et al (1987)3 English
Baisden et al (1989)4 English
Ueno et al (1990)5 English
Baker et al (1993)6 English
Okada et al (1993)23 Japanese
Hattori et al (1994)24 Japanese
Shichijo (1994)25 Japanese
Taneja et al (1997)7 English
Ferrera et al (1997)8 English
Shimazaki et al (1998)9 English
Kido et al (1998)10 English
Jinnno et al (2002)26 Japanese
Sugimoto et al (2003)11 Englishartery was surgically isolated and a transverse arteriotomy wasperformed. A 7F sheath was inserted percutaneously in the left
brachial artery. A 22F introducer sheath was inserted through the
right femoral artery, and was advanced to the descending thoracic
aorta under fluoroscopic guidance. After administration of 10,000
n demonstrates 3 circles located in a hook shape beneath
eter of the aneurysm is 3.8 cm. Atherosclerotic changes
rta is 2.6 cm. b, Three-dimensional reconstructions of
he left pulmonary artery from the minor curvature of the
t pulmonary artery.
um reported in literature
patients Course
Six patients: underwent successful repair
Another patients: died before or after surgery
Successfully repaired
Refused surgery, died of rupture
Successfully repaired
Successfully repaired in all patients
Successfully repaired
Successfully repaired
Successfully repaired
Successfully repaired
Successfully repaired in all patients
Successfully repaired
Successfully repaired
Successfully repaired
Successfully repaired
Successfully repaired in all patientshy sca
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1U of heparin, the folded branched stent graft was introduced into
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sheath. Then the folded graft was advanced to the distal aortic arch.
A 7F catheter with gooseneck wire was inserted through the 7F
sheath in the left brachial artery. The free end of the traction wire
attached to the tip of the branched graft section was caught by the
gooseneck wire and pulled back into the left subclavian artery.
Withmanipulation of the carrying wire and traction wire, the aortic
and branched graft sections were properly positioned. After un-
folding the branched graft, the aortic section and the branched
section of the graft were dilated with a compliant balloon. The
balloon was custom-made, and inserted through the 22F sheath.
We did not use hypotension to place the graft or for balloon
inflation. Implantation technique is shown in Fig 2. Aortograms
confirmed that the graft was placed at the proper position and that
the aneurysm was completely excluded. Fig 3 depicts aortograms
obtained before and after endovascular repair. Finally, all delivery
Fig 2. Technique of single-branched stent-graft plac
descending thoracic aorta through the right femoral arte
thoracic aorta with a carrying wire. Step 3, 10F guiding
the traction wire attached to the branched section. Free e
caught by the gooseneck wire. Step 4, Stent graft is unfo
and traction wire are detached.systems were removed and the arteriotomy was closed. An intimalinjury of the right external iliac artery occurred during introduc-
tion of the 22F sheath, which was repaired successfully with
implantation of a Palmaz stent. No other complications occurred
during the procedure. Total procedure time was 190 minutes, and
volume of contrast media used was 143 mL. The postoperative
course was uneventful. A CT scan obtained 10 days after the
procedure demonstrated complete exclusion of the aneurysm, and
no endoleak was detected (Fig 4). The patient was discharged 12
days after the stent grafting, without any disorders. She remained
in the hospital for more than a week for social reasons, but could
have been discharged as early as postoperative day 2.
DISCUSSION
Aneurysm of the ductus diverticulum is rarely reported
in adults, and preoperative diagnosis is difficult.1-4With the
t. Step 1, 22F introducer sheath is inserted in the
tep 2, Folded stent graft is advanced to the descending
ter is inserted through the introducer sheath, along with
traction wire is inserted in the 10F guiding catheter and
and dilated with balloon inflation. Finally, carrying wireemen
ry. S
cathe
nd of
ldedadvent of more sophisticated diagnostic methods, preoper-
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found 39 reports of aneurysm of the ductus diverticulum in
the literature (Table).1-11,23-26 The aortic end of the ductus
diverticulum is patent, whereas the pulmonary end is usu-
ally closed. The aneurysm forms as a result of incomplete
closure of the ductus arteriosus in its aortic site, from
pressure overload, such as hypertension and atherosclerotic
changes of aging. The 3-D CT scan, in which 3 circles are
located in a hook shape beneath the aortic arch, is called the
“triple star sign,” and this finding was reported to be a
typical sign of this disease.5 Sugimoto et al11 reported that
a 2DCT scan is useful for differentiation of aneurysm of the
ductus diverticulum from common atherosclerotic aneu-
rysm. Compared with atherosclerotic aneurysm in the distal
aortic arch, aneurysm of the ductus diverticulum is located
in the minor curvature of the distal aortic arch, at the
bifurcation of the left subclavian artery, and the direction of
the aneurysm end is toward the top of the left subclavian
artery. The diagnosis of aneurysm of the ductus diverticu-
lum was made with contrast-enhanced 2-D and 3-D CT
scans in our patient.
There is little information about the size of aneurysms
of the ductus diverticulum that ruptured. We found 39
Fig 3. A, Preprocedural angiogram shows the aneurysm
is dilated. D, Branched section of graft is dilated. E, Nocases in 15 reports. Only 2 articles reported patients whodied before surgery. Tsujimoto et al3 reported a patient
who refused surgery, and that patient died of rupture of the
aneurysm. The maximum diameter of the aneurysm was
11.8 cm. Mitchell et al1 reported their experience with
successful repair of 5 aneurysms of the ductus diverticulum.
They reviewed the literature, and found 16 cases. Ten of
these patients died of rupture of the aneurysm or a related
complication before surgery. The minimum diameter of
the ruptured aneurysm was 4 3 cm. They concluded that
aneurysm of the ductus diverticulum is frequently fatal,
even when small compared with saccular atherosclerotic
aneurysms. They recommend surgical intervention for an-
eurysms of the ductus diverticulum greater than 3 cm in
greatest diameter. However, this report was published 20
years ago. Most recent reports are case reports or case series
of successful surgical repair.2,4-11,23-26 Therefore the natu-
ral history of this rare aneurysm is still unknown. The
aneurysm diameter was 3.8 cm in our patient, and thora-
cotomy was considered too high risk because of the pa-
tient’s severe pulmonary dysfunction and advanced age.
Transluminal endovascular stent grafting was considered
suitable in this patient. Although the safety and efficacy of
stent-graft placement in thoracic aortic aneurysms has been
Folded stent graft is advanced. C, Aortic section of graft
leak is seen on final angiogram.. B,reported, placement of these stent grafts was limited to sites
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branches.12,13 Aneurysm of the ductus diverticulum is lo-
cated at the aortic arch, and a single-branched stent graft
was required. The major complication of the branched
Inoue stent graft in thoracic aortic aneurysms is cerebral
infarction.19 Unlike true atherosclerotic aneurysms, there
was little arteriosclerosis in the aortic wall in this patient,
and the risk for cerebral infarction was estimated to be low.
We estimated that the risk for rupture outweighed the risk
of stent grafting in this patient.
Implantation of a single-branched Inoue stent graft to
treat aneurysm of the ductus devirticulum was successful,
without complications or endoleak. However, because the
procedure was performed only 2 months before the writing
of this report, only early success can be confirmed. Inas-
much as true success of endovascular stent-graft repair is
determined with long-term results, careful long-term eval-
uation is needed.
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CORRECTION
In: “Flow-induced neointimal regression in baboon polytetrafluoroethylene grafts is associated with de-
creased cell proliferation and increased apoptosis” (Berceli SA, Davies MG, Kenagy RD, and Clowes AW. J
Vasc Surg 2002;36:1248-55).
On page 1251, in the “Results” portion of the “Materials and Methods” section, Fig 1, C is incorrect. The black and
white bars representing high and low flow were reversed. The following is the correct figure:
Fig 1. Neointimal SMC proliferation (BrdU labeling index; A), apoptosis (TUNEL labeling index; B), and nuclear
lacement. Values are mean  standard error of mean.
